The aim here is to provide a set of equations for cosmology in terms of information and thermodynamical parameters. The method we implement in order to describe the universe is a development of Padmanabhan's approach which is based on the fact that emergence of the cosmic space is provided by the evolution of the cosmic time. In this line we obtain the Friedmann equation or its equivalent the conservation law in terms of information by the implementation of Laundauer's principle or in other words the information loss/production rate. Hence, a self consistent description of the universe is provided in terms of thermodynamical parameters. This is due to the fact that in this work the role of information which is the most important actor of all times, has stepped in to cosmology. We provide a picture of the emergent cosmology merely based on the information theory. In addition, we introduce a novel entropy on the horizon, which can also generalize Bekenstein-Hawking entropy for the asymptotic holographic principle.
Introduction
Thermodynamics is not anymore a stranger in cosmology. As a matter of fact thermodynamics provides the backbone for all analysis in the context of emergent universe models. The basis for this statement was established by Sakharov in 1967 who first pointed out that instead of spacetime, it is better to talk of spacetime atoms, which is only possible by the language of thermodynamics, see Ref [1] . This statement paved the way for scientists to work out Einstein's field equations based on the thermodynamic equation δQ = T dS known as the Clausius relation [2] . Note that T is the Unruh temperature which is observed by an accelerating observer inside the horizon, and δQ is the energy flux across the horizon [3] . The fact of the matter is that the Einstein's field equations are now understood as the spacetime equations of state.
Recently due to the efforts of Verlinde a new interpretation of the spacetime has been provided. This is in a sense that by relying on the information extracted from the holographic screen, three of the fundamental equations of physics, (Newton's law of gravity, Newton's second law, Einstein's field equations) were seen. Verlinde interpreted the gravitational force as an entropic force which is non-fundamental; this is due to the change of information on the holographic screen, see Ref [4] for details. However, Padmanabhan argued with the definitions provided by Verlinde, by bringing up two issues; the first was on the general covariance, and the second was on the finite systems e.g. the Sun-Earth system [9] . The former issue was raised based on the fact that in general covariance, space and time are treated within the same body, but Verlinde treated them differently. The later issue was raised due to the fact that our every day experience does not prove that finite systems emerge, which contradicts with Verlinde's statement that space emerges everywhere, both around finite or infinite systems. However, by selecting the cosmic time in cosmology, the two issues regarding general covariance and finite systems are out of the question. Padmanabhan pointed out that in cosmology by selecting a cosmic time these two issues do not stand. In other words, Padmanabhan stated that in cosmology, the "Cosmic space 1 is emergent as cosmic time progresses" which means that the expansion of the universe works out as long as the holographic equipartition stands, see Refs [6, 7] for details. In this line the first proposal for the emergent cosmology was issued by Padbanabhan as [6] 
where dt and dV H are the variations of the cosmic time and cosmic volume respectively. Note that in Padmanabehan's proposal the cosmic volume has been taken as the Hubble horizon volume. N sur represents the number of surface degrees of freedom which is equal to A H /L 2 P , where A H equals to 4πH −2 denotes the cosmic sphere's area, H is the Hubble parameter, L P = G/c 3 is the Planck length. The parameters , G and c are the reduced Planck constant, the gravitational constant, and the speed of light in the vacuum respectively. The bulk degrees of freedom which satisfies the equipartition law of energy is obtained as
the temperature corresponding to the hubble horizon is T H = H/2π, and E Komar is the Komar energy contained inside the bulk of a perfect fluid obtained by
where T µν is the energy-momentum tensor, T is the trace of T µν , u µ is the 4-vector velocity, and V cs denotes the cosmic space volume. The reason for choosing cs as the indice is due to the fact that we have various cosmic space volumes, where (for Padmanabhan proposal we have V cs = V H = 4πH −3 /3). Note that E Komar is the source for gravitational acceleration [10] .
In general, the dynamical emergent equation is
where f (N sur , N bulk ) is an arbitrary function with respect to the asymptotic holographic principle. Equation (1) is the simplest accessible form of Eq. (4). In this stage it is worth stating other proposals which prove adequate for better understanding the context of the present study. We start with the proposal issued by Sheykhi [5] who provided his suggestion based on the apparent horizon as
where
2 is the apparent horizon radius in the FLRW background. Note that the apparent horizon is a boundary surface that allows inward light rays enter it, but prevents outward light rays exiting it. The constant k could take values equal to −1 in case of an open universe, 1 in case of a closed universe or 0 in case of a flat universe [11] . V A = 4πR The temperature corresponding to the apparent horizon is the Kodama-Hayward temperature (T A ) obtained by [8] 
where κ is dynamical surface gravity and the dot denotes derivative in respect to time. Therefore, the bulk degrees of freedom is N bulk = 2 kBTA E Komar . Although this equation works fine, but is however not consistent with Padmanabhan's proposal. The reason for this is that the RHS of equation (5) is not totally based on thermodynamical quantities. Strictly speaking, a thermodynamical interpretation of the term R A /H −1 is not simply achieved. Yang et al. suggested [14] dV
where for details on the function f (∆N, N sur ) = L 
where f k (t) is the deviation volume coefficient from the flat universe, defined as
where we have
Note that k is as stated earlier in the text. Moreover, a thermodynamic interpretation for f k (t) is not simple.
In a work prior to the present study we have proposed [12] 
is the cosmological horizon temperature with non-dynamical radius which is measured by a comoving observer [13] which by implying an apparent horizon (which is considered as the most appropriate boundary in application to thermodynamics) alongside Kodama-Hayward temperature (which is a temperature for an evolving horizon implied in cosmology) will enable us to write the RHS of the dynamical emergent equation based only on thermodynamical parameters. Note that T A is the physical and working temperature in Eq. (10) . As of the spirit of the emergent cosmology where the universe has a tendency towards the holographic principle state, T A tends to the asymptotic temperature T H . Due to the presence of H and R A in Eqs. (5) and (9) some difficulties may be observed for providing thermodynamical interpretations. This is due to the fact that Eqs. (5) and (9) do not seem to be completely based on information parameters. Equations (1) and (11) although do describe the evolution of an emergent cosmic space, but still lack generality. This generality is observed in Eq. (10) justifying its importance. For more proposals please see [16] ).
In the 70s, studying black hole physics became very hot due to the discovery of a mysterious relation between gravity and thermodynamics [17, 18] . After facing the information paradox while measuring the transmission information through the horizon, measuring the transmitted information from the horizon became a big issue. In the emergent theory due to the assumption of the existence of space atoms, we are hopeful that not only a better description for the universe could be provided, but also the quantum gravity theory could be established. The variation of the cosmic space volume, the space atoms go in and out the horizon. These movements create or destroy information inside the bulk. Space atoms which go in and out the horizon are not recoverable due to the horizon's notion. Now since these inward and outward space atoms are non-recoverable, the change in information that they provide, would generate entropy [17, 19, 20, 21] .
In the present work, we discuss the information interpretation of the second law of thermodynamics based on Landauer principle. In fact, the general idea of this work is based on this principle. This principle states that information is a physical concept. As a matter of fact this principle came to save the second law of thermodynamics from criticizers, where the most important one of all was Maxwell's demon, see e.g. [22, 23] . However, it was Landauer who saved the day for the second law of thermodynamics by stating that if information on a system is so how deleted that it is impossible to undelete it, entropy is created. Note that Landauer was highly inspired by Szilard's engine, who had proved that information is not an intrinsic concept, but has relations with the outside world, see [22] . This entropy which is created by the loss of information is obtained by
where ∆I denotes of information loss. This means that for every one bit of destroyed data, the entropy increases as much as k B ln 2, see [24] . For an intensive reading on Landauer principle, see e.g. [25, 26, 27 ].
The information interpretation of the conservation law
The standard model for cosmology is based on two main equations
where, the first is known as Friedmann's equation and the second is known as Raychaudhuri's equation. However, Friedmann's equation could be derived when Raychaudhuri's equation is combined with the conservation law. Note that the conservation law for a universe with a perfect fluid matter content is expressed as
In this stage the intention is to write an expression for Eq. (14) in terms of the first law of thermodynamics
Before proceeding it is worth providing an example; consider a comoving volume defined as, V c = 4π 3 a 3 , therefore the conservation law would take the forṁ
now if this volume has the Misner-Sharp energy [28] , we have
Equation (17) is as the form of the first law of thermodynamics. It could also be deduced from Eq. (17) that dS is equal to zero, meaning that the entropy is constant. In other words, a universe defined by the comoving volume with energy E has no entropy production. Now it is time to implement the findings of the present study to a more realistic universe. All of the laws of thermodynamics work perfect for the apparent horizon, the desired boundary here is chosen accordingly (as the apparent horizon). Note that the apparent horizon has been defined below Eq. (5). In this line we start by dividing both sides of the first law of thermodynamics (Eq. 15) by the apparent horizon volume (V A = 4π 3 R 3 A ), which giveṡ
2 For simplicity, the natural units k B = c = = 1 are used throughout this section.
It is clear that the entropy is not constant, which is due to the selection of the apparent volume. Now the conclusion from all of this is that the apparent horizon volume with a fixed entropy is out of the question in the present study. What we need here is something that exhibits entropy production. The fact of the matter is that in contrast to a comoving volume there is an entropy production/loss for an observer who travels with the apparent horizon. The question that arises here is how the new entropy would look. To answer this question we must go down to facts; we all know that for the de Sitter universe holographic principle holds (N sur = N bulk ) [29] , hence due to the dynamical equation for emergence we can take dV A /dt equal to zero. This results in having a constant radius, which leads to conclude that the entropy is constant This could be readily noticed from Eqs. (14) and (18) which leads toṠ ∝Ṙ. . It is known that the de Sitter universe entropy S dS is equal to 3π/Λ which is constant, see e.g. ref [30] . Another fact that supports our proposal for the entropy rate is that for vacuum, the information production/loss rate must be zero. Note that for vacuum (cosmological constant Λ) the equation of state is ρ + p = 0. The last fact is that for the Minkowski spacetime, due to the flat geometry, information is neither produced nor lost. These facts in addition to the fact that entropy is non-constant justifies our proposal for the information production/loss, defined as
where f (N sur , N bulk ) has been defined in Eq. (4). It is worth reminding that when 3HV A is equal to f (N sur , N bulk ), the numerator on the RHS of Eq. (19) would be zero, resulting in the Milne universe which is part of the Minkowski spacetime. Now the rate of change for the entropy inside the apparent horizon due to the Landauer Principle (11) is
One may reproduce the conservation law (14) based on the first law of thermodynamics (17), together with the evolutionary parameters expressed by Eqs. (4) and (19) .
To comply with the aims of the present study which is to write the Friedmann's equation for an apparent horizon, we write all emergent equations in terms of information. The two fundamental equations for describing the cosmic space in the emergent perspective are
The dynamical equation of emergent gravity (21) is equivalent to the Raychaudhuri equation in the standard model of cosmology, and the rate of information change of the apparent horizon (22) is equivalent to equation (14) . Therefore, one can say that Eqs. (21) and (22), would lead to the equations for the standard model of cosmology. In order to establish the idea that Equations (21) and (22) define emergent cosmology, one more thing has to be done. That is on the parameter H In Eq. (22) which its information aspect has not been well defined. To proceed with this we have to deal with the last degree of freedom for the system,f , located in Eq. (4) . Therefore the proposal expressed by Eq. (10) is implemented. This provides an information nature for all parameters of Eq. (22) . It is worth noting that proposal (10) is well chosen due to the fact that it is more in line with the nature of the emergent cosmology than the others. One may follow the other proposals in the appendix. In this line we should find the rate of change for the entropy by combining the Landauer Principle (20) and the holographic Raychaudhuri equation (10) , which is
It is instructive to check the generality of Landauer's entropy (Eq. (20)). Equation (14) combined with Eq. (18) givesṠ
where the dot denotes derivative in respect to time. Equation (24) could be written in terms of the surface and bulk degrees of freedomṠ
Note that N bulk and N sur have been defined in Eq. (2) and its preceding paragraph. Equation (25) could also be written as the change of entropy in terms of the surface degrees of freedom
It could readily be noticed that when the holographic condition (N sur = N bulk ) applies, the well-known Bekenstein-Hawking entropy (S = 1 4
) is resulted from Eq. (26) . Hence interestingly, Eq. (26) can be considered as a generalization of the Bekenstein-Hawking entropy which holds not only for the holographic principle but also for the asymptotic holographic principle.
In this stage it is worth writing the emergent equations in the form proposed in the present study as
Nsur dN sur , (27) which is accompanied by the first law of thermodynamics (15) .
To comply with the aims of the present study which is to obtain an expression for the cosmological equations, we start from the holographic Raychaudhuri equation (10) . But first we should recall two parameters which are the Kodama-Hayward temperature [8, 31, 32, 33] and the Komar energy of the universe. As stated earlier, in order to measure the temperature of the evolving horizons it is suitable to use the Kodama-Hayward temperature,
, which is measured by the Kodama observer. It is worth noting that in emergent cosmology due to the asymptotic de Sitter behavior the existence of dark energy is compulsory, see [7] . Thus, the temperature for accelerated universe with perfect fluid will never be zero. This means that the total energy density, ρ, would never be equal to triple of the total pressure, 3p. Hence the temperature would never become zero. The Komar mass of the accelerated universe expressed as [7, 10] 
Substitute the definitions for the surface and the bulk degrees of freedom (2) in the holographic Raychaudhuri equation (10) . The result would be
where by rearranging leads to the Raychadhuri equatioṅ
Equation (30) is one of the cosmological equations for the standard model of cosmology that we where after, the other one is the Friedmann equation. By substituting Eq. (23) into the first law of thermodynamics, the conversation law (Eq. (14)) can be obtained. Clearly, Eqs. (14) and (30) are sufficient to derive the Friedmann equation, expressed by
The picture that we have drawn of the cosmological universe by Eqs. (30) and (31) due to the Landauer Principle and the asymptotic holographic principle, shed light on the universe based on information.
Concluding remarks
The main achievement of the present work is writing the equations of cosmology in terms of the information of the system. The starting point of this study was Padmanabhan's proposal on the emergence of cosmic space. He stated that the difference between the degrees of freedom on the surface and the bulk of the horizon, causes the emergence of the cosmic space. He supported his statement by deriving the Raychaudhuri equation for flat FLRW. The emergent dynamical expression (Eq. (4)) is the equivalent of the Raychaudhuri equation in the standard model of cosmology. The emergent equation shows the dependence of the cosmic volume space on the cosmic time in terms of the number of degrees of freedom, which itself is based on the information extracted from the system. The question to be answered is whether if it is possible to write the Friedmann equation or in other words the continuity equation in terms of the information of the system. The key to this question lies in the hands of the Landauer's principle and the loss/production of information, where by implementing these, we have obtained the continuity equation. This enabled us to obtain two consistent equations in emergent cosmology based on the information extracted from the surface and bulk of the apparent horizon, see Eq. 27).
We obtain a generalized form for the Bekenstein-Hawking entropy both for the holographic principle and the asymptotic holographic principle (Eq. (26)) enables a more realistic understanding of the horizon's entropy.
APPENDIX
It is worth investigating other proposals fron f extracted from Eq. (4) in terms of the Laundauer entropy (20) . In this line after checking Laundauer entropy for other proposals it will be seen that the chosen proposal of the present study (10) is indeed reasonable. We hope that the last degree of freedom in the dynamical emergent equation (choosing f in Eq. (4)) eliminates H from Eq. (20) . Note that the existence of H in Eq. (20) puts us in a weak position for issuing an informational interpretation for the emergent cosmological equations (21) and (22) . Equation (1) was proposed by Padmanabhan. He assumed the hubble horizon (R H = H −1 ) to be the boundary of the universe. Therefore, the area and volume of the universe would be expressed as
The temperature corresponding to the horizon is assumed T H = H/2π. By calculating N sur and N bulk as defined in the Eq. (2) and its preceding paragraph, we have
Now by substituting these parameters into the Laundauer entropy (20) we havė
Unluckily H remains in the Equation disabling a robust thermodynamical interpretation of LaundauerPadmanabhan Entropy. Shyekhi's Proposal is Eq.(5). He generalized the boundary of the universe to the apparent horizon and provided a general expression for the curvature of the universe. The area and volume for the universe is as of Shyekhi's Proposal
The Kodama-Hayward temperature of the apparent horizon is assumed to be in the form T = 1/2πR A . Similar to Laundauer-Padmanabhan entropy we should calculate N sur and N bulk as defined in Eq. (2) and its preceding paragraph
It is not surprising that H still exists. We know that by substituting R A = H −1 in Eq. (A. 6) one could reach Eq. (A. 3) . The informational interpretation of this entropy is unclear.
Another extension of Padmanabhan's approach hs been provided by Yang et al. [14] . Their proposal (Eq. (7)) calculates the Raychaudhuri's equation for an arbitrary dimension. For simplicity we focus on the 3+1 dimension universe. Their assumptions for the horizon radius and its temperature is similar to Padmanabhan's approach, see equations (A. 1 and A. 2). In 3+1 dimensions, the auxiliary parameters α and K [14] are expressed by
Another auxilary parameterα is the new degree of freedom in the Yang's proposal which meets Padmanabhan's proposal ifα equals zero. Note that for consistency (see Eq. (4)) we have the constant L Note that in this appendix the compatibility check between the Laundauer entropy proposed in this work (Eq. (20)) with other dynamical emergent equations (Eq. 4) has been carried out. However, other potential proposals for Laundauer entropy may provide an expression based on only thermodynamic parameters.
